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Th invention cone ms a m thod lor reducing th 
carbon content in a teed How of natural gas or other hy- 
drocarbon gases tor a combustion process in ord r 
thereby to eliminate to the desired degree or at least to 
reduce the discharge of carbon dioxides in the combus- 
tion of the gas, e.g. in connection with a gas-fired power 
station. 

During the combustion ol fossil fuels, coal, natural 
gas and other hydrocarbons, both water In the form of 
vapour and carbon dioxide wilt be found in the waste 
gases. The proportional incidence between these two 
gases will be dependent on the quantttive ratio of carbon 
to hydrogen in the fuel concerned. Coal will produce al- 
most only carbon dioxide, methane will produce water 
and carbon dioxide in the ratio of 2:1. while hydrogen 
will only produce water. In the efforts to reduce the 
greenhouse effect, the discharges of carbon dioxide are 
becoming ever less acceptable. Thus it is vitally impor- 
tant to fimlt these discharges ,the best best solution be- 
ing to eliminate them entirely. 

The object of the present Invention is to improve this 
situation by providing a method for reducing the carbon 
content of natural gas and hydrocarbon gas. This reduc- 
tion should be capable of being implemented In such a 
manner that a desired degree of reduction of the COg 
content can be achieved after a combustion. The reduc- 
tion can extend all the way through to the use of pure 
hydrogen as a fuel, thus completely avoiding the dis- 
charges ol CCV . 

Thus a further object of the invention is also to make 
it possible lor natural gas to be used as a fuel with a 
greatly reduced production of carbon dioxide, e.g. In a 
gas turbine. 

These objects are achieved by a method which ac- 
cording to the invention is characterized by the features 
In the claims presented. 

From DD-A-211 457 Is known a method and an ap- 
paratus f or the production of carbon black and hydrogen 
in a plasma reaction chamber. Feed stock in the form of 
hydrocarbons as liquid or gas is introduced via nozzles 
in one end of the reaction chamber and Is mixed Into a 
hydrogen plasma stream. Carbon black is separated 
from the off gas and parts of the hydrogen formed are 
recycled for use as the plasma gas. 

From DD-A-Z76 098 is known a method in which a 
part of a feed stream intended tor a steam-hydrocarbon 
reforming process is decomposed to carbon black in a 
plasma reaction chamber. A commercial process for the 
production of hydrogen involves two steps. The first step 
Is the steam reforming of a hydrocarbon to give a gas 
consisting mainly of carbon monoxide and hydrogen. 
This gas is then reacted with steam at a lower temper- 
ature to shift the carbon monoxide to carbon dioxide and 
hydrogen. Separation of the carbon dioxide yields a 
product hydrog n stream. The process yi Ids a great 
excess of carbon dioxide which is consider d to be a 



product poor in energy and of Httl economic valu .The 
invention relat s to a method of decomposing a part of 
the natural gas into a high-grade carbon black without 
tow ring the amount of synthesis gas. 
5 Th invention is based on th fact that it Is possible 
to decompose hydrocarbons pyroiitically into carbon 
and hydrogen. By using pure hydrogen as a tu I the dis- 
charge of carbon dioxide wilt be eliminated. If carbon is 
removed from the natural gas of the hydrocarbon gas 
10 which is used as a fuel, the discharge of carbon dioxide 
will be reduced before the combustion. 

A reduction of this kind can be carried out by per- 
forming a complete or partial conversion of natural gas 
or hydrocarbon gases in a teed stream to a combustion 
1 s process . The feed stream is decomposed to the desired 
degree into carbon and hydrogen, whereof the natural 
gas with the reduced carbon content goes to combus- 
tion and the carbon constituent Is removed from the 
process for separate application. Such a reduction can 
20 also be performed by converting a partial stream of the 
natural gas or the hydrocarbon gas. 

In both cases the decomposition into carbon and 
hydrogen will require energy. The energy content In the 
gases with reduced carbon content is lower than in pure 
2S natural gas or hydrocarbon gas since the liberated car- 
bon represents the lost energy. The result will be that 
more gas in total has to be supplied to the process in 
order to achieve the same net effect asf rom pure natural 
gas or hydrocarbon gas. The extent of this additional 
so amount will be dependent on the degree to which the 
carbon content has to be reduced, i.e. tha extent to 
which a conversion has to be performed, and also on 
the efficiency of the combustion process concerned 
The object is to be able to use pure hydrogen as a 
35 combustion gas in order thereby to be able to completely 
eliminate the C0 2 discharges. 

At existing plants, however, there will be operating 
conditions which prevent the use of pure hydrogen, thus 
making it necessary to add a certain amount of hydro- 
40 carbons. 

The process is therefore designed so as to offer the 
possibility of adding a certain amount of natural gas or 
hydrocarbon gas to the hydrogen stream and the 
amount can be adjusted according to the operating con- 
4S ditions. 

After a combustion process, the waste gases are 
purified by methods known in the art and the purification 
methods are often extremely expensive, as for example 
in the case of catalytic purification. 
&o it has now been discovered that the expenses in- 
volved in the conversion of natural gas or hydrocarbon 
gas which are used as a fuel for a combustion plant, L 
e. before combustion, can be compensated for, thus en- 
abling an economically justifiable process to be 
ss achieved despite the energy loss in the combustion 
stream. This is achieved by producing pure carbon In 
addition to hydrogen in the pyrotytic process in the m th- 
od according to the invention. The carbonaceous mate- 
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rial will be present in the form of carbon black and as 
such a materia! will have a very high value. Carbon black 
can, e.g., be us d as a reduction agent in the metallur- 
gical industry or on the conventional "carbon black mar- 
kef. If the carbonaceous material is used tor anod s in 
the aluminium industry, this will entail substantial im- 
provements both from the environmental and the eco- 
nomic point of view, since the newanodes will not pollute 
either the electrolyte and thus the product or the envi- 
ronment by the discharge of sulphur and tar 

Thus by means of the Invention a highly favourable 
combination has been obtained of financially profitable 
industrial production and conservation of the environ- 
ment, Le. a reduction In pollution. 

In the following section the Invention will be de- 
scribed in more detail by means of an example of the 
use of the method. 

As an example, the operation of a gas-fired power 
station based on natural gas as its energy source has 
been chosen. The example is intended to illustrate the 
main principles of the invention. Other applications o! 
the invention could be the production of pure hydrogen 
and the use of the method tn all processes where natural 
gas or another hydrocarbon are used aa the energy 
source. The invention is particularly well suited in con- 
nection with power production with fuel cells based on 
hydrogen as the means of combustion. 

In the supply line to a gas-fired power station, which, 
e.g., Is operated by the use of natural gas, e.g. methane, 
there is provided a reactor which is operated according 
to the pyrorytic principfe with a plasma torch and which 
causes a decomposition of the incoming natural gas or 
hydrocarbon gas into a constituent of hydrogen and a 
constituent of carbon particles. The reactor may be lo- 
cated in a branch line or a line bypassing the reactor. 
The method of operation of such a reactor and the de- 
sign of a plasma torch for this are described In the ap- 
plicant's simultaneous Norwegian patent applications 
91 4904 and 91 4907. As described in these documents, 
a quality control can be performed for the carbon con- 
stituent. The hydrogen formed Is also used via a return 
line as a plasma-forming gas for the torch, thus enabling 
this entire reactor to be operated without causing any 
pollution. 

The hydrogen gas from the reactor is then passed 
to the gas turbine where it Is used either alone or togeth- 
er with hydrocarbons (methane) as fuel in the gas tur- 
bine. The gas turbine is operated in a conventional man- 
ner. However, there is one major difference, which is that 
the discharge of carbon dioxide is reduced or completely 
eliminated. The degree to which the discharges of car- 
bon dioxide are reduced will be dependent on how large 
a proportion of the supply to the gas turbine is composed 
of pure hydrogen. Throughout the process, the propor- 
tion can be regulated in the entire area from no admix- 
ture of hydrogen to pure hydrogen. 



Claim 

1. In a process lor gen rating energy by the combus- 
tion of natural gas or hydrocarbon gas a method of 

s reducing th discharge of carbon dbxid from th 
process which method includes th following steps: 

providing a feed stream of natural gas or hydro- 
carbon gas for use as fuet 

10 

feeding the gas stream to the combustion proc- 
ess where it is burnt to generate energy; and 

discharging the waste gases; 

15 

characterized in that: 

- the entire feed stream Is subjected before en* 
taring the combustion process to a pyrolytfc 
20 process by means of a plasma torch in a de- 

composition reactor, the process yielding car- 
bon, hydrogen, and, optionally undecompoeed 
gas; and 

2S . removing the carbon from the hydrogen and the 
undecomposed gas, if present, so that the gas 
stream exiting the reactor and entering the en- 
ergy-producing combustion process contains 
substantially only hydrogen and, optionally, un- 

30 decomposed gas. ■ 

2. A method according to claim 1 , characterized In that 
the feed stream fed to the combustion process has 
substantially no carbon content and is essentially a 

35 hydrogen fuel. 



PatentansprDche 

40 1.. in einem Pro2eB zur Energieerzeugung durch die 
Verbrennung von Erdgas Oder Koblenwasserstoff- 
gas umfaOt eine Methode 2um Reduzferen dss 
AusstoBes von Kohlendioxid bel dem ProzeB die 
tolgenden Schritte: 

45 

Schaff en eines Zuf Ohrstroms von Erdgas Oder 
Kohlenwasserstoffgas zur Verwendung aid 
Kraftstoff; 

• ZulOhren des Gasstroms in die Verbrennungs- 
50 kammer, wo er verbrannt wird, urn Energie zu 

erzeugen; und 
AbfOhron der Abgase; 

dadurch gekennzeichnet, da&: 
55 der ganze ZutOhrstrom vor dem Elntreten in dsn 
VerbrennungsprozeB mittels eines Plasmabren- 
ners in einem Zers tzungsr aktor einem pyrolyti- 
schen ProzeB unterzogen wird, wobei der ProzeB 
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Kohlenstoff, Wasserstoff und fakultaliv unzersetzte 
Gase lielert. und 

• der Kohlenstoff aus dem Wasserstoff und d m 
uniersetzten' Gas, tails vomanden, ntfernt $ 
wird, so daB der Gasstrom, d r den Reaktor 
zQndet und in den en rgis rz ugenden Ver- 
brennungsprozefJ eintritt, im wesentiichen nur 
Wasserstoff und takuitativ unzersetzte Gase 
enthaften sind. 10 

2. Methode nach Anspruch 1. 

dadurch gekennzelchnet, daB der Zufuhrslrom, 
def dam VerbrennungsprozeB zugefuhrt wird, im 
wesentJichen kelnen Kohienstofigehalt hat und im *5 
wesentiichen sin Wasserstoff -Kraftstoff ist. 



Revendlcations 

1. Procede de reduction de (Evacuation d'anhydride 
carbonique dans une operation de creation d'ener- 
gle par combustion de gaz nature! ou d'un hydro- 
cart>ure gazeux, !e procede comprenant les etapes 
suivantes : 



la formation d'un courant cfaiimentation en gaz 
nature) ou en hydrocarbure gazeux destine a 
etre utilise comme combustible, 
la transmission du courant gazeux a une ope- 
ration de combustion dans laquetle ii brOle en 
creant de Tenergie, et 
Pevacuation de3 gaz uses, 

caracterisd en ce que 



- la totalite du courant cTaf imentation, avant d*ar- 
.river a ('operation de combustion, est soumise 
a une operation de pyrolyse a I'aide tfun cha- 
lumeau a plasma dans un reacteur de decom- 
position, roperation donnant du carbone, de 
I'hydrogone et eventuellement un gaz non de- 
compose", et 

- le procede comprend I'extraction du carbone 
de itiydrogene et du gaz non decompose le cas 

' echeanl. de maniere que le courant gazeux 
quittant le reacteur et arrivant a I'operation de 
combustion qui produ'rt de Fenergie contienne 
pratiquement uniquement de I'hydrogene et 
eventuellement un gaz non decompose. 



2. Procede selon la revendication 1 , caracteris6 en ce 
que le courant d'alimentation transmis a l*opdration 
de combustion no contient pratiquement pas de 
carbone et est essentiellement forme d'hydrogfene 
combustible. 
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